INTRODUCTION
Tourette's disorder (TD) is a severe form of tic disorder, characterized by multiple motor and vocal tics that persist for at least 1 year. The pathogenesis of TD is unclear; however, it is presumed to be associated with the interaction of genetic and environmental factors during the development of the central nervous system. Abnormalities in the cortico-striato-thalamic circuit are one of the most widely cited factors associated with TD. 1) Neuropsychological impairment observed in TD directly affects learning abilities and manifests as symptoms related to tic disorder and other comorbidities. 2) To clarify the mechanism behind such neuropsychological disabilities, ongoing research has focused on the neuropsychological characteristics of TD. TD is known to negatively affect sustained attention, 3) visuomotor integration, 4) reaction time and verbal fluency, 5) problem-solving, 6) and response inhibition. 7) Attention-deficit hyperactivity disorder (ADHD), characterized by attention deficiency, impulsivity, and hyperactivity, is known to be the most common psychiatric disorder in childhood. Previous studies have shown that children with ADHD have impaired planning and inhibiting abilities as well as damaged verbal working memory. 8, 9) Such reduced inhibiting abilities are known to extend to executive functions, such as working memory, cognitive flexibility, planning and organizing, and verbal fluency.
with or without the coexistence of ADHD, it was found that children with comorbid TD and ADHD have reduced cognitive abilities and more severe emotional or behavioral problems. However, the exact mechanisms behind such associations remain unknown. The results of previous neuropsychological studies that compared the comorbid TD and ADHD comorbid group to TD alone group or ADHD alone group are not consistent. According to Carter et al., 13) the children in the comorbid TD and ADHD group face greater difficulties with regard to their external and internal symptoms as well as social adjustment compared to those in the TD alone group. Moreover, Greimel et al. 14) have found that, although the ADHD group and ADHD+TD group have poorer executive functions compared to the general population, ironically, the ADHD+TD group performed better than the ADHD group. This led to the conclusion that ADHD alone acts as the negative factor, whereas the presence of TD does not affect the concentration ability of the patients. Sukhodolsky et al. 15) found that while the ADHD group exhibited considerable neuropsychological impairment, this was not the case with the TD alone and normal control groups. Due to the inconsistent results, which depended on the researcher and the type of comorbid disease, a firm conclusion on the association between TD and ADHD is yet to be established. Thus far, the Wechsler Intelligence Scale for Children (WISC) has often been used to evaluate the cognitive abilities of children. WISC-III comprises 13 In a previous study using WISC-III, the comorbid TD and ADHD group showed that working memory index (WMI) and arithmetic subtest scores were significantly lower, but there was not much difference in scores between the TD group and the control group. However, the ADHD group was not included in the study, thereby presenting limitations. 19) In another study that administered WISC-III in ADHD patients, the attention factor and processing speed factor indices, which constitute two of the four factor-based indices, were found to be significantly lower compared to normal controls but higher than that of the TD group. 20) Few research studies have used WISC-III and WISC-IV to compare the comorbid group, TD alone group, and ADHD group together. In this study, K-WISC-III and K-WISC-IV were used to compare and evaluate the differences between the comorbid group and alone groups and determine the cognitive characteristics of the comorbid group.
METhODs

Participants
Participants were recruited from the Department of Psychiatry, Chonbuk National University Hospital. We initially selected children aged 6-14 years, who met the criteria set in DSM-IV-TR for TD, ADHD, or comorbid comorbid TD and ADHD. Patients with initial visit records that contained the results of the ADHD rating scale, 21) K-WISC-III, or K-WISC-IV were primarily selected as subjects for the study, which comprised 45 patients. The exclusion criteria were as follows: a history of pervasive developmental disorder, learning disorder, mood disorders, anxiety disorder, and psychotic disorders; a history of organic brain disease, seizures, or other neurological disorders; and an IQ below 70. Patients taking any psychiatric medication including stimulants, which can affect the cognitive function, were also excluded.
Research tools
K-WISC-III
This test was standardized to be adapted for Korean children by Kwak et al. 17) based on WISC-III. The test is suitable for children aged 6 to 16 years and comprises verbal subtests and performance tests, which provide not only the complete IQ score but also verbal IQ and performance IQ scores. A subject's cognitive abilities can be inferred from the converted score profiles of each subtest. The verbal test assessed a child's ability to assimilate information; detect similarities; perform arithmetic, vocabulary, and comprehension tasks; and digit span (i.e., supplementary subtests). The performance test comprised tasks based on picture completion, picture arrangement, block design, object assembly, coding and symbol search, and mazes (i.e., supplementary subtests).
K-WISC-IV
WISC-IV, which is the newly revised fourth edition of the intelligence test for children developed by Wechsler, was standardized by Kwak et al. 18) and adapted for the assessment of Korean children. WISC-IV lacks three subtests that have previously been included in WISC-III. Instead, WISC-IV has additional five new subtests (picture concepts, letter-number sequencing, matrix reasoning, cancellation, word reasoning), as well as full scale IQ scores and four indicators (verbal comprehension, perceptual reasoning, working memory, processing speed). In particular, subtests and indicators to measure indicators such as the processing speed, working memory, and fluid reasoning, which are some of the most important cognitive abilities highlighted in several clinical research studies, have been added or improved.
Test comparing the KEDI-WISC results of the comorbid group is present, but WISC-III or WISC-IV results is not much. In this paper, we apply WISC-IV with a lot of similarities in the WISC-III test items.
In this study, subtests known to have the same scores in both K-WISC-III and K-WISC-IV and their summed score indices were directly compared.
22)
Analysis methods
In this study, Sexual differences were analyzed by Fisher exact test, Full Scale Intelligence Quotient (FSIQ), the four index scores, and the scores of each subtest of both K-WISC-III and K-WISC-IV administered to the TD, ADHD, and comorbid TD and ADHD groups were collected. These scores were obtained in order to observe the differences in the cognitive abilities of the groups in each specific domain. Furthermore, the Kruskal-Wallis test was used to compare the groups, while the Mann-Whitney test method was used for post-hoc analysis. The only statistical program used was SPSS 16.0 (SPSS 
REsULTs
Demographic characteristics
There were 45 subjects in total, with 15, 13, and 17 subjects in the comorbid TD and ADHD, TD, and ADHD groups, respectively. Their characteristics are shown in Table 1 . While the gender difference in the three groups was not significant (χ 2 =1.742, p=0.533), the mean age of the TD group was significantly higher than the other groups (p=0.031). There was no significant difference in the ADHD rating scale between the the comorbid TD and ADHD and ADHD alone group (p=0.179).
K-WISC comparison between comorbid TD and ADHD, TD, and ADHD groups
After performing the Kruskal-Wallis test on the K-WISC results, we found significant differences between the three groups in the freedom from distractibility (FD)/WMI score (p=0.015) and in the two subtests, digit span (p=0.027) and arithmetic (p=0.024) ( Table 2 ). The remaining indices and subtests did not show any significant differences. In the case of Full Scale IQ/FSIQ, there was no significant difference. However, in this case, the scores of K-WISC-III and K-WISC-IV were compared equally. Therefore, further studies regarding the direct comparison between the two tests are needed. To observe the differences between the three groups in greater detail, we conducted the Mann-Whitney test for post-hoc analysis. As a result, the comorbid TD and ADHD group showed significantly lower scores in the FD/WMI index, digit span subtest, and arithmetic subtest compared to the TD group (p=0.002, p=0.005, p=0.018, respectively).
In all the measured indices, there were no significant differences between the comorbid TD and ADHD and ADHD groups and between the TD and ADHD groups.
DIsCUssION
In this study, the K-WISC scores of TD, ADHD, and comorbid TD and ADHD comorbid groups were compared. After comparing the three groups, it was found that the TD+ADHD comorbid group showed significantly lower scores than TD alone group in two subtests of the FD/WMI index: digit span and arithmetic. This result is similar to the results of Debes et al. 19) In their study, the score of the arithmetic subtest of WMI was significantly lower in the comorbid TD and ADHD group than in the TD alone group. Moreover, the processing speed index (PSI) results were also similar: the TD alone group and comorbid TD and ADHD comorbid group did not show significant differences in our study. However, their results of the digit span subtest differ from ours in that there was no significant difference between the TD and comorbid groups. In one study that compared the TD and ADHD groups to normal controls using WISC-III, the ADHD group scored significantly lower in the digit span subtest compared to normal controls. However, the TD group did not. 23) This result suggests that the psychopathology of ADHD might be the cause of the dysfunction shown by the comorbid TD and ADHD group. However, this remains to be seen as the comorbid TD and ADHD group was not included in the study. Meanwhile, Shin et al. 24) used some neuropsychological test and the Korean version of the WISC-R to compare TD, ADHD, comorbid TD and ADHD, and normal control groups. In their study, scores of cognitive indices including intelligence test were similarly low in both the comorbid TD and ADHD and ADHD groups, whereas the scores of the TD alone group did not differ much from the normal control group. This implies that ADHD, rather than TD, plays a negative role in the comorbid group. Mahone et al. 25) and Roessner et al. 26) found that ADHD and comorbid TD and ADHD groups, but not the TD group, exhibited attention deficiency. However, they also found that the comorbid TD and ADHD group did not perform better than the ADHD group and claimed that, in comorbid patients, ADHD is the key factor that affects neuropsychological execution, independent of TD symptoms. Moreover, the high comorbidity rate of ADHD in the TD group 12) may imply that TD can possibly express diverse phenotypes. 27) Furthermore, as the volume decrease of amygdala in TD is an associated symptom of ADHD, further clinical and imaging studies are required. 28) In addition, although not significant, scores differed in the overall index in the order of comorbid TD and ADHD <ADHD<TD. This pattern should be further studied due to two reasons. First, previous studies on ADHD groups have found that ADHD reduces the working memory and processing speed indices of WISC. 29) Second, earlier studies on comorbid TD and ADHD groups suggested that ADHD, but not TD, was the major negative factor. 15, 25, 26) These two findings imply that ADHD is the dominant negative factor for reduced working memory and processing speed indices in comorbid TD and ADHD comorbid groups. This also implies that there would be minute differences in the working memory and PSI scores between comorbid TD and ADHD and ADHD groups, as TD would barely affect the two indices. However, the scores of working memory in our study was in the order of comorbid TD and ADHD< ADHD<TD. As previous studies have found that TD is the major negative factor of procedural memory, whereas ADHD further affects motor skills and executive functions related to work-ing memory, 30) future studies that determine why the comorbid TD and ADHD group has a lower WMI score compared to the ADHD group are required. We have found significant differences between TD, ADHD, and comorbid TD and ADHD groups in subtests of WMI using K-WISC-III and K-WISC-VI, which are the most widely used intelligence tests clinically; this implies that they are very helpful in diagnosis. In particular, our study excluded patients who took psychiatric medication (e.g., psychostimulants), since such drugs might interfere with the test results.
Our study's limitations are as follows:
• 0 First, a normal control group was not included in the study.
• 0 Second, this study was conducted retrospectively with medical records and psychological test reports of the patients.
• 0 Third, as the onset age of ADHD is relatively earlier compared to TD, some of the members of the ADHD group in this study might show signs of TD later. In other words, a true comorbid TD and ADHD patient may have been incorrectly classified as an ADHD patient while conducting the study.
• 0 Lastly, we assumed that the K-WISC-III and K-WISC-IV tests are identical. Previous studies have found the index scores of the two tests to be largely similar, but this finding remains controversial and caution is needed in interpreting the results.
CONCLUsION
In this study, we have confirmed that FD/WMI is significantly lowered in children with comorbid TD and ADHD comorbidity. These findings are similar to that of previous research on cognitive functions and suggest that the comorbid TD and ADHD comorbid and TD alone groups exhibit different endophenotypes. The results also imply that WISC-III and WISC-IV, the most commonly used intelligence tests clinically, are effective in evaluating cognitive functions such as attention. Further research is required in this regard.
